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The fuel physical property determination method relating to
the first aspect of the present invention includes: a test fuel
flame-imaging step of obtaining imaging data by imaging
flames formed by supplying a pre-mixed gas containing a test
fuel and an oxidant agent, to a test tube in which an internal
flow path thereof has a diameter set smaller than a flame-
quenching distance at normal temperature; and a physical
property determination step of determining a physical prop-
erty of the test fuel by comparing the imaging data obtained in
the test fuel flame-imaging step and imaging data obtained by
imaging flames ignited by supplying a pre-mixed gas con-
taining a standard-mixed fuel and an oxidant agent, to the test
tube, the standard-mixed fuel having a known physical prop-
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1
FUEL PHYSICAL PROPERTY
DETERMINATION METHOD AND FUEL
PHYSICAL PROPERTY DETERMINATION
DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

The present applicationis a35 U.S.C. §371 National Phase
conversion of PCT/IP2012/055794, filed Mar. 7,2012, which
claims benefit of Japanese Application No. 2011-049523,
filed Mar. 7, 2011, the disclosure of which is incorporated
herein by reference. The PCT International Application was
published in Japanese.

TECHNICAL FIELD

The present invention relates to a fuel physical property
determination method and a fuel physical property determi-
nation device.

Priority is claimed on Japanese Patent Application No.
2011-049523, filed on Mar. 7, 2011, the contents of which are
incorporated herein by reference.

BACKGROUND ART

As a measurement showing the physical properties of a
fuel, the octane number is provided which is the indicator
showing the anti-knock property of the fuel. The octane num-
ber of isooctane having a high anti-knock property is 100, and
the octane number of normal heptane having a low anti-knock
property is 0. The octane number of a fuel is the number
corresponding to a volume percent of isooctane in a mixed
fuel (standard-mixed fuel) containing isooctane and normal
heptane, the anti-knock property of the mixed fuel being set
equal to the anti-knock property of the fuel. That is, when the
anti-knock property of a fuel is equal to that of a mixed fuel in
which the mixture ratio of isooctane is 50% in volume per-
cent, the octane number of the fuel is shown as 50.

There are octane numbers of various types depending on
methods or the like to determine them. For example, the
research octane number adopted as the indicator in Japan, and
the motor octane number adopted as the indicator in Germany
are provided as the major octane numbers.

When obtaining the octane number of a fuel having an
unknown octane number, the octane number is determined by
performing experiments based on the above-described deter-
mination methods for the octane number.

Specifically, as shown in Non-Patent Document 1, for the
research octane number and the motor octane number, a CFR
engine designed exclusively to measure octane number is
operated using the above fuel, and the pressure fluctuation
features in a combustion chamber in this operation are com-
pared with that in a case of operating the engine using the
standard-mixed fuel. Thereby, the above octane number is
determined.

The pressure values in the combustion chamber of an inter-
nal-combustion engine are changed depending on occurrence
or non-occurrence of knocking. Therefore, the occurrence or
non-occurrence of knocking is determined by measuring the
pressure values in the combustion chamber, and the measure-
ment timings thereof and the measured values are compared
between using the fuel as a determination target and using the
standard-mixed fuel. Thereby, the above octane number can
be determined.

w

10

15

20

25

30

35

40

45

50

55

60

65

2
DOCUMENT OF RELATED ART

Patent Document

[Patent Document 1] Japanese Unexamined Patent Appli-
cation, First Publication No. 2010-112892

Non-Patent Document

[Non-Patent Document 1] JIS (Japanese Industrial Stan-
dards) K2280

SUMMARY OF INVENTION
Technical Problem

However, the pressure values in the combustion chamber
are changed due to the dirt condition in the combustion cham-
ber of the CFR engine. Therefore, in order to determine an
exact octane number, before the experiments to determine the
octane number of a fuel are performed, the preliminary
experiments to obtain the information of the dirt condition in
the combustion chamber have to be performed.

For example, in a case of determining the research octane
number, the preliminary experiments are performed in which
the CFR engine is operated using an inspection fuel of toluene
series and the dirt condition in the combustion chamber is
obtained based on this operational status.

Furthermore, the experiments to determine the octane
number have to be performed in consideration of the dirt
condition in the combustion chamber obtained by the prelimi-
nary experiments.

That is, in conventional octane number determination
methods, every time the experiments to determine the octane
number are performed, the above preliminary experiments
have to be performed. As a result, the operations in the above
experiments and the above preliminary experiments become
complicated.

Conventionally, in a case of determining the octane number
which is not limited to the research octane number or the
motor octane number, an internal-combustion engine is actu-
ally operated using each of a target fuel and the standard-
mixed fuel, and the octane number is determined based on
these operational statuses. That is, since the measured values
are changed depending on the condition in the combustion
chamber or the like of the internal-combustion engine, an
exact octane number is not easily determined.

In the conventional octane number determination methods,
when determining the octane number depending on the actual
usage environment for the internal-combustion engine, this
environment has to be created in each determination, and the
octane number has to be determined by performing the above-
described experiments in this environment. For example,
when determining the octane number depending on the tem-
perature of a fuel, the experiments have to be performed in a
state in which the temperature of the fuel is changed actually.

Therefore, in the conventional octane number determina-
tion methods, the internal-combustion engine has to be pre-
pared in each determination, a facility to create the above
environment has to be arranged, and a plurality of complex
experiments have to be performed. As a result, the operations
in the above experiments become complicated.

In addition, in order to determine physical properties of a
fuel which are not limited to the octane number, a plurality of
experiments including complex operations have to be per-
formed.



US 9,322,818 B2

3

On the other hand, a method is proposed in which param-
eters (parameters relating to elementary reaction) required for
a simulation using a fuel are obtained from temperature dis-
tribution in one-dimensional space obtained using a micro
flow reactor as shown in Patent Document 1, and the physical
properties of the fuel are determined by performing the simu-
lation using the parameters.

According to the above-described physical property deter-
mination method, the physical properties of the fuel can be
determined in a short time without performing a plurality of
complex experiments.

However, in the micro flow reactor used in the above-
described conventional method, a temperature gradient is
applied to a test tube in the longitudinal direction thereof, the
internal flow path of the test tube having a diameter smaller
than a flame-quenching distance at normal temperature, and
the ignition temperature of a fuel is measured by observing
ignition positions of the fuel supplied from one end of the test
tube.

Therefore, in the conventional method shown in Patent
Document 1, the temperature gradient applied to the test tube
in order to measure the ignition temperature has to be mea-
sured exactly, and the measuring operations for temperature
have to be performed carefully. As a result, the work burden
thereof is increased.

A first aspect relating to the present invention has been
made in view of the above problems, and aims to shorten the
time required to determine physical properties of a fuel by
reducing the work burden thereof.

Solution to Problem

The present invention adopts the following configurations
as means to solve the above problems.

According to a first aspect of the present invention, a fuel
physical property determination method to determine a
physical property of a test fuel, the method includes: a test
fuel flame-imaging step of obtaining imaging data by imag-
ing flames formed by supplying a pre-mixed gas containing
the test fuel and an oxidant agent, to a test tube which includes
an internal flow path and in which a temperature distribution
is formed; and a physical property determination step of
determining the physical property of the test fuel by compar-
ing the imaging data obtained in the test fuel flame-imaging
step and imaging data obtained by imaging flames ignited by
supplying a pre-mixed gas containing a standard-mixed fuel
and an oxidant agent, to the test tube, the standard-mixed fuel
having a known physical property.

According to a second aspect of the present invention, in
the first aspect, the fuel physical property determination
method further includes a standard-mixed fuel flame-imaging
step of obtaining the imaging data by imaging flames formed
by supplying the pre-mixed gas containing the standard-
mixed fuel and the oxidant agent, to the test tube.

According to a third aspect of the present invention, in the
second aspect, the standard-mixed fuel flame-imaging step is
performed while changing a composition of the standard-
mixed fuel, until the imaging data obtained in the test fuel
flame-imaging step and the imaging data obtained in the
standard-mixed fuel flame-imaging step correspond to each
other. In addition, in the physical property determination step,
the physical property of the test fuel is determined to be the
physical property of the standard-mixed fuel based on the
imaging data corresponding to the other.

According to a fourth aspect of the present invention, in the
second or third aspect, the pre-mixed gas containing the test
fuel and the oxidant agent is supplied to one of disposed test
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tubes, thereby forming flames. The pre-mixed gas containing
the standard-mixed fuel and the oxidant agent is supplied to
the other of the test tubes, thereby forming flames. In addi-
tion, imaging data is obtained by imaging a plurality of flames
at the same time.

According to a fifth aspect of the present invention, in the
fourth aspect, the fuel physical property determination
method further includes a temperature distribution-forming
step of forming the same temperature distribution in the test
tubes. In addition, the imaging data of the plurality of flames
is obtained in a condition in which temperature distributions
in the test tubes are the same in a longitudinal direction
thereof.

According to a sixth aspect of the present invention, in any
one of the first to fitth aspects, both of an area in which cold
flames are expected to be generated and an area in which hot
flames are expected to be generated are imaged.

According to a seventh aspect of the present invention, in
any one of the first to sixth aspects, the physical property is an
octane number.

According to an eighth aspect of the present invention, in
any one of the first to sixth aspects, the physical property is a
cetane number.

According to a ninth aspect of the present invention, in any
one of the first to eighth aspects, the internal flow path of the
test tube has a diameter set smaller than a flame-quenching
distance at normal temperature.

According to a tenth aspect of the present invention, a fuel
physical property determination device to determine a physi-
cal property of a test fuel, the device includes: a test tube
including an internal flow path; a temperature distribution-
forming device to form a temperature distribution in the test
tube; a supply device to supply a first pre-mixed gas contain-
ing the test fuel and an oxidant agent, to the test tube; an
imaging device to obtain first-imaging data by imaging
flames formed by supplying the first pre-mixed gas to the test
tube; a processing storage device to determine the physical
property of the test fuel by comparing the first-imaging data
obtained by the imaging device and second-imaging data
obtained by imaging flames formed by supplying a second
pre-mixed gas containing a standard-mixed fuel and an oxi-
dant agent, to the test tube, the standard-mixed fuel having a
known physical property.

According to a eleventh aspect of the present invention, in
the tenth aspect, the imaging device is configured to obtain the
second-imaging data by imaging flames formed by supplying
the second pre-mixed gas containing the standard-mixed fuel
and the oxidant agent, to the test tube.

According to a twelfth aspect of the present invention, in
the eleventh aspect, the imaging device is configured to
repeatedly obtain the first-imaging data and the second-im-
aging data, until the first-imaging data and the second-imag-
ing data correspond to each other. In addition, the processing
storage device is configured to change a composition of the
standard-mixed fuel, and to determine that the physical prop-
erty of the test fuel is the physical property of the standard-
mixed fuel when the first-imaging data and the second-imag-
ing data correspond to each other.

According to a thirteenth aspect of the present invention, in
the eleventh or twelfth aspect, the test tube includes a first test
tube and a second test tube. In addition, the imaging device is
configured to obtain the first-imaging data by imaging flames
formed by supplying the first pre-mixed gas to the first test
tube, and to obtain the second-imaging data by imaging
flames formed by supplying the second pre-mixed gas to the
second test tube.
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According to a fourteenth aspect of the present invention,
in the thirteenth aspect, the temperature distribution-forming
device is disposed so that temperature distributions in the first
and second test tubes are the same in a longitudinal direction
thereof.

According to a fifteenth aspect of the present invention, in
any one of the tenth to fourteenth aspects, the imaging device
is configured to obtain imaging data so as to include both of'a
first area in which cold flames are expected to be generated
and a second area in which hot flames are expected to be
generated.

According to a sixteenth aspect of the present invention, in
any one of the tenth to fifteenth aspects, the physical property
is an octane number.

According to a seventeenth aspect of the present invention,
in any one of the tenth to fifteenth aspects, the physical prop-
erty is a cetane number.

According to a eighteenth aspect of the present invention,
in any one of the tenth to seventeenth aspects, the internal flow
path of the test tube has a diameter set smaller than a flame-
quenching distance at normal temperature.

Effects of Invention

According to the first aspect relating to the present inven-
tion, physical properties of a test fuel are determined by
comparing imaging data obtained by imaging flames formed
using the test fuel and other imaging data obtained by imaging
flames formed using a standard-mixed fuel having known
physical properties.

Therefore, the physical properties of the test fuel can be
determined without obtaining the temperature of a test tube.
That is, according to the present invention, the physical prop-
erties of the test fuel can be determined without measuring the
temperature gradient of the test tube, and it is possible to omit
the steps to obtain the temperature gradient of the test tube,
which cause an increase in work burden.

Consequently, according to the present invention, it is pos-
sible to shorten the time required to determine the physical
properties of the fuel, by reducing the work burden.

BRIEF DESCRIPTION OF DRAWINGS

FIG.1is aschematic configuration diagram of a fuel physi-
cal property determination device in a first embodiment of the
present invention.

FIG. 2 is a flow diagram to illustrate the operations of the
fuel physical property determination device in the first
embodiment of the present invention.

FIG. 3 is a schematic configuration diagram of a fuel physi-
cal property determination device in a second embodiment of
the present invention.

FIG. 4 is a graph showing the variation in temperatures
applied to a test tube included in the fuel physical property
determination device in the second embodiment of the
present invention.

DESCRIPTION OF EMBODIMENTS

An embodiment of a fuel physical property determination
method and a fuel physical property determination device
relating to the present invention is described below with ref-
erenceto the drawings. In addition, in the following drawings,
the scale of each member is appropriately changed so that
each member has a recognizable size.

First Embodiment

FIG.1is aschematic configuration diagram of a fuel physi-
cal property determination device 1 of this embodiment.
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The fuel physical property determination device 1 of this
embodiment determines the octane number of a test fuel
having unknown octane number (physical property). As
shown in FIG. 1, the fuel physical property determination
device 1 includes a test tube 2, a heater 3 (temperature distri-
bution-forming device), a test fuel supply device 4, a stan-
dard-mixed fuel supply device 5, an air supply device 6, an
imaging device 7 (imaging means), a processing storage
device 8 (processing storage means), an input device 9, an
output device 10, and a controller 11.

The test tube 2 is a cylindrical straight tube. The diameter
of'the internal flow path of the test tube 2 is set smaller than a
flame-quenching distance constituting a limit distance in
which flames formed in the internal flow path cannot be
propagated and are quenched at normal temperature. That is,
the diameter of the internal flow path of the test tube 2 is set
smaller than a flame-quenching distance at normal tempera-
ture.

Pre-mixed gas is supplied to the internal flow path of the
test tube 2 from one end of the test tube 2.

The test tube 2 is formed of transparent material so that the
imaging device 7 can image flames formed by burning the
pre-mixed gas therein. Specifically, the test tube 2 is formed
of quartz glass, whereby the test tube 2 can become transpar-
ent.

The heater 3 heats the test tube 2, and is disposed so as to
surround the end portion of the test tube 2 opposite to the end
thereof to which the pre-mixed gas is supplied.

Thereby, atemperature gradient is applied to the test tube 2,
the temperature gradient in which the temperature thereof is
continuously higher away from the end to which the pre-
mixed gas is supplied, to the opposite end thereto. The heater
3 heats the test tube 2 so that the internal temperature of the
test tube 2 is greater than or equal to the ignition temperature
of the pre-mixed gas at at least part of the test tube in the
longitudinal direction thereof, thereby forming temperature
distribution.

The test fuel supply device 4 supplies a test fuel N1 having
unknown octane number, to a pre-mixed gas supply pipe 12
connected to the one end of the test tube 2. The test fuel supply
device 4 includes a test fuel tank 4a storing the test fuel N1
and a flow rate controller 45 to control the flow rate of the test
fuel N1 supplied from the test fuel tank 4a to the pre-mixed
gas supply pipe 12.

The standard-mixed fuel supply device 5 supplies a stan-
dard-mixed fuel N2 having known octane number, to the
pre-mixed gas supply pipe 12.

In this embodiment, a mixed gas in which normal heptane
and isooctane are mixed is used as the standard-mixed fuel
N2.

In this embodiment, the standard-mixed fuel supply device
5 includes a normal heptane tank 5a, a flow rate controller 55,
an isooctane tank 5¢, and a flow rate controller 5d.

The normal heptane tank 5a is a tank storing normal hep-
tane to be contained in the standard-mixed fuel N2.

The flow rate controller 55 controls the flow rate of normal
heptane supplied from the normal heptane tank 5a to a stan-
dard-mixed fuel supply pipe 13. The standard-mixed fuel
supply pipe 13 supplies the standard-mixed fuel N2 to the
pre-mixed gas supply pipe 12.

The isooctane tank 5¢ is a tank storing isooctane to be
contained in the standard-mixed fuel N2.

The flow rate controller 5d controls the flow rate of isooc-
tane supplied from the isooctane tank 5¢ to the standard-
mixed fuel supply pipe 13.
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Each of normal heptane and isooctane is liquid fuel. There-
fore, the standard-mixed fuel supply device 5 uses normal
heptane and isooctane which have been vaporized inside
tanks or the like.

In addition, if the test fuel N1 is liquid fuel, the test fuel
supply device 4 also uses the test fuel N1 which has been
vaporized inside a tank or the like.

The air supply device 6 supplies the required amount of air
A (oxidizing agent) to the pre-mixed gas supply pipe 12.

With regard to the above-required amount of air, the
amount of air when the equivalence ratio thereof is 1 corre-
sponds to the amount of air required to completely burn the
test fuel N1 or the standard-mixed fuel N2 in the test tube 2.
In addition, since the amount of air for the test fuel N1 when
the equivalence ratio becomes 1 may not be known before-
hand, it is preferable that the amount of air be controlled based
on gas analysis or the like in downstream of the fuel physical
property determination device 1.

The imaging device 7 images flames formed inside the test
tube 2, thereby obtaining imaging data. The imaging device 7
images the test tube 2 and the flames.

At the inside of the test tube 2, cold flames formed by
burning the pre-mixed gas at a relatively low temperature, or
hot flames formed by burning the pre-mixed gas atarelatively
high temperature may be generated.

In addition, the cold flames may not be generated depend-
ing on the composition of the pre-mixed gas. In this case, the
imaging device 7 images both of the area (first area) in which
the cold flames are expected to be generated, and the area
(second area) in which the hot flames are expected to be
generated.

The imaging device 7 may perform the imaging in the
wavelength range of visible light, and may perform the imag-
ing in the wavelength range other than the wavelength range
of visible light (for example, the wavelength range of ultra-
violet light).

The processing storage device 8 is electrically connected to
the imaging device 7. The processing storage device 8 deter-
mines the octane number of the test fuel by comparing the
imaging data (first-imaging data) obtained by imaging flames
formed by supplying the test fuel N1 to the test tube 2 and the
imaging data (second-imaging data) obtained by imaging
flames formed by supplying the standard-mixed fuel N2 to the
test tube 2.

In addition, the processing storage device 8 is configured to
include an arithmetic device such as a CPU (Central Process-
ing Unit), and a storage device such as a memory.

The processing storage device 8 in this embodiment deter-
mines that the octane number of the test fuel N1 is the octane
number of the standard-mixed fuel N2, when the imaging
data obtained by imaging flames formed by supplying the test
fuel N1 to the test tube 2 corresponds to the imaging data
obtained by imaging flames formed by supplying the stan-
dard-mixed fuel N2 to the test tube 2. The operations thereof
will be described afterward in detail.

The input device 9 is a man-machine interface included in
the fuel physical property determination device 1 of this
embodiment. The input device 9 is operated by an operator,
and inputs signals representing this operation into the con-
troller 11.

The output device 10 visualizes and outputs the processing
storage result by the processing storage device 8, or the
instructions from the controller 11.

The controller 11 controls all the operations of the fuel
physical property determination device 1 of this embodiment.
The controller 11 is electrically connected to the test fuel
supply device 4, the standard-mixed fuel supply device 5, the
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air supply device 6, the imaging device 7, the processing
storage device 8, the input device 9 and the output device 10.

The controller 11 in this embodiment controls the stan-
dard-mixed fuel supply device 5 so that the composition of
the standard-mixed fuel is changed gradually, until the imag-
ing data obtained by imaging flames formed by supplying the
test fuel N1 to the test tube 2 corresponds to the imaging data
obtained by imaging flames formed by supplying the stan-
dard-mixed fuel N2 to the test tube 2, in the processing
storage device 8. The operations of the fuel physical property
determination device will be described afterward in detail.

In the above-described configuration, the processing stor-
age device 8, the input device 9, the output device 10 and the
controller 11 are constituted of, for example, a personal com-
puter or a workstation.

In the above-described configuration, a supply device in
the present invention is composed of the test fuel supply
device 4 and the air supply device 6.

Next, the operations (that is, a fuel physical property deter-
mination method) of the fuel physical property determination
device 1 of this embodiment having the above configuration is
described below with reference to the flow diagram in FIG. 2.

In addition, in the following description, the above-de-
scribed temperature gradient is applied to the test tube 2 by
the heater 3.

First, the initial value of the equivalence ratio between the
test fuel N1 and the air A, and the initial value of the inflow
rate of the pre-mixed gas (first pre-mixed gas) containing the
test fuel N1 into the test tube 2 are set (step S1).

Specifically, the controller 11 stores the initial values
which have been inputted from the input device 9 in the
processing storage device 8, and thereby the setting of the
above initial values is performed.

For example, the operator inputs a value obtained by
experiments beforehand or a predicted value into the input
device 9, thereby setting the equivalence ratio between the
test fuel and air.

Since the light emitted from the flames is slight, the imag-
ing device 7 has to be exposed to the light for a long time in
order to image the flames. Therefore, it is preferable that the
generation position of the flames in the test tube 2 be stable
without changing. For example, in Japanese Unexamined
Patent Application, First Publication No. 2010-112892
(Patent Document 1), for a test tube having a diameter smaller
than or equal to a flame-quenching distance at normal tem-
perature, a method to stabilize the position of flames by
reducing the inflow rate of pre-mixed gas is disclosed. In the
step S1, the inflow rate of the pre-mixed gas into the test tube
2 is set to a flow rate in which the generation position of the
flames in the test tube 2 is stabilized.

Subsequently, the controller 11 lets the test fuel supply
device 4 control the supply of the test fuel N1, and lets the air
supply device 6 control the supply of the air A, so that actual
values become the set equivalence ratio and the set inflow rate
which have been set in the step S1 (step S2).

Thereby, the test fuel N1 is supplied from the test fuel
supply device 4 to the pre-mixed gas supply pipe 12, and the
air A is supplied from the air supply device 6 to the pre-mixed
gas supply pipe 12. As a result, the test fuel N1 and the air A
are mixed together inside the pre-mixed gas supply pipe 12,
thereby composing the pre-mixed gas, and the pre-mixed gas
is supplied to the test tube 2.

After the pre-mixed gas is supplied to the test tube 2, the
pre-mixed gas is heated and burned inside the test tube 2,
thereby forming flames.
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Subsequently, the controller 11 lets the imaging device 7
image the flames (step S3). That s, in the step S3, the imaging
device 7 images the flames formed using the test fuel N1 and
the air A.

In addition, inthe step S3, the controller 11 lets the imaging
device 7 output the imaging data (first-imaging data) obtained
by imaging the flames by the imaging device 7. Furthermore,
the controller 11 stores the imaging data outputted from the
imaging device 7, in the processing storage device 8.

In the following description, for convenience of descrip-
tion, the imaging data obtained in the step S3 is described as
test fuel flame-imaging data.

When the obtaining of the test fuel flame-imaging data in
the step S3 is completed, the controller 11 lets the test fuel
supply device 4 stop supplying the test fuel N1, and lets the air
supply device 6 stop supplying the air A.

Subsequently, the ratio between normal heptane and isooc-
tane in the standard-mixed fuel N2 is set (step S4).

Specifically, the controller 11 stores the instructions denot-
ing the above ratio inputted from the input device 9, in the
processing storage device 8, thereby performing the setting.

For example, as the initial value of the ratio between nor-
mal heptane and isooctane in the standard-mixed fuel N2, the
ratio between normal heptane and isooctane is set to 90%:
10%.

Subsequently, the controller 11 lets the processing storage
device 8 calculate the stoichiometric ratio of the standard-
mixed fuel based on the ratio set in the step S4 (step S5). In
addition, since the standard-mixed fuel is composed of nor-
mal heptane and isooctane which have known physical prop-
erties, the stoichiometric ratio can be calculated easily.

Subsequently, the controller 11 lets the standard-mixed
fuel supply device 5 control the supply of the standard-mixed
fuel, and lets the air supply device 6 control the supply of the
air A, so that the equivalence ratio and the inflow rate of the
pre-mixed gas (second pre-mixed gas) composed of the stan-
dard-mixed fuel N2 and the air A correspond to the set equiva-
lence ratio and the set inflow rate which have been set in the
step S1 (step S6).

Thereby, the standard-mixed fuel N2 is supplied from the
standard-mixed fuel supply device 5 to the pre-mixed gas
supply pipe 12, and the air A is supplied from the air supply
device 6 to the pre-mixed gas supply pipe 12. As a result, the
standard-mixed fuel N2 and the air A are mixed together
inside the pre-mixed gas supply pipe 12, thereby composing
the pre-mixed gas, and the pre-mixed gas is supplied to the
test tube 2.

After the pre-mixed gas is supplied to the test tube 2, the
pre-mixed gas is heated and burned inside the test tube 2,
thereby forming flames.

Subsequently, the controller 11 lets the imaging device 7
image the flames (step S7). That s, in the step S7, the imaging
device 7 images the flames formed using the standard-mixed
fuel N2 and the air A. In addition, in the step S7, the controller
11 lets the imaging device 7 output the imaging data (second-
imaging data) obtained by imaging the flames by the imaging
device 7. Furthermore, the controller 11 stores the imaging
data outputted from the imaging device 7, in the processing
storage device 8.

In the following description, for convenience of descrip-
tion, the imaging data obtained in the step S7 is described as
standard-mixed fuel flame-imaging data.

When the obtaining of the standard-mixed fuel flame-im-
aging data in the step S7 is completed, the controller 11 lets
the standard-mixed fuel supply device 5 stop supplying the
standard-mixed fuel N2, and lets the air supply device 6 stop
supplying the air A.
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Subsequently, the controller 11 lets the processing storage
device 8 determine whether the test fuel flame-imaging data
obtained in the step S3 corresponds to the standard-mixed
fuel flame-imaging data obtained in the step S7 (step S8).

Specifically, the processing storage device 8 obtains, for
example, a correlation function from the test fuel flame-
imaging data and the standard-mixed fuel flame-imaging
data. The processing storage device 8 determines that the test
fuel flame-imaging data and the standard-mixed fuel flame-
imaging data correspond to each other, when the value of the
correlation function is included within a range stored before-
hand (range in which a correlation coefficient is near 1). In
addition, since the correlation function can be obtained based
on the brightness data or the pattern data of the imaging data
by using general-purpose software, the method to obtain the
correlation function is well-known. Therefore, the descrip-
tion about the method to obtain the correlation function is
omitted.

When it is determined that the images do not correspond to
each other in the step S8, the controller 11 changes the ratio
between normal heptane and isooctane in the standard-mixed
fuel, the ratio stored in the processing storage device 8 (step
S9).

A change quantity of the above ratio is set optionally. For
example, the ratio between normal heptane and isooctane is
changed so that the ratio of isooctane in the standard-mixed
fuel rises by 1%.

After the step S9 is completed, the processing of the con-
troller 11 returns to the step S5 and the control thereof is
performed again.

In contrast, when it is determined that the images corre-
spond to each other in the step S8, the controller 11 lets the
processing storage device 8 determine that the octane number
of'the test fuel N1 is the octane number (the ratio ofisooctane)
of the standard-mixed fuel based on the standard-mixed fuel
flame-imaging data corresponding to the test fuel flame-im-
aging data, and lets the processing storage device 8 output the
octane number of the test fuel (step S10).

The controller 11 lets the output device 10 display the
octane number of the test fuel N1 outputted from the process-
ing storage device 8, and thereafter completes the operations.

As described above, in the fuel physical property determi-
nation method of this embodiment, in the steps S9 and S10,
the octane number of the test fuel N1 is determined by com-
paring the test fuel flame-imaging data and the standard-
mixed fuel flame-imaging data That is, in this embodiment, a
physical property determination step in the present invention
is constituted of the steps S9 and S10.

As described above, in the fuel physical property determi-
nation method of this embodiment, in the step S3, the imaging
data is obtained by imaging flames formed by supplying the
pre-mixed gas containing the test fuel N1 and the air A to the
test tube 2. That is, in this embodiment, a test fuel flame-
imaging step in the present invention is constituted of the step
S3.

As described above, in the fuel physical property determi-
nation method of this embodiment, in the step S7, the imaging
data is obtained by imaging flames formed by supplying the
pre-mixed gas containing the standard-mixed fuel N2 and the
air A to the test tube 2. That is, in this embodiment, a standard-
mixed fuel flame-imaging step in the present invention is
constituted of the step S7.

According to the fuel physical property determination
device 1 and the fuel physical property determination method
of this embodiment, the octane number of the test fuel is
determined by comparing the imaging data (test fuel flame-
imaging data) obtained by imaging flames formed using the
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test fuel N1 and the imaging data (standard-mixed fuel flame-
imaging data) obtained by imaging flames formed using the
standard-mixed fuel N2 having known physical properties.

Therefore, the octane number of the test fuel N1 can be
determined without obtaining the temperature of the test tube
2. That is, according to the fuel physical property determina-
tion device 1 and the fuel physical property determination
method of'this embodiment, the octane number of the test fuel
N1 can be determined without measuring the temperature
gradient of the test tube 2, and it is possible to omit the steps
to obtain the temperature gradient of the test tube 2, which
cause an increase in work burden in conventional methods.

Consequently, according to the fuel physical property
determination device 1 and the fuel physical property deter-
mination method of this embodiment, it is possible to shorten
the time required to determine the octane number of the test
fuel N1 by reducing the work burden thereof.

Inthe fuel physical property determination device 1 and the
fuel physical property determination method of this embodi-
ment, in the step S7, the standard-mixed fuel flame-imaging
data is obtained by imaging flames formed by supplying the
pre-mixed gas containing the standard-mixed fuel N2 and the
air A to the test tube 2.

For example, the standard-mixed fuel flame-imaging data
is obtained and is stored in the processing storage device 8
beforehand, and the octane number can be determined by
comparing the standard-mixed fuel flame-imaging data
stored beforehand and the test fuel flame-imaging data. In
addition, in this case, it has to be secured that the environment
in which the standard-mixed fuel flame-imaging data is
obtained beforehand is the same as the environment in which
the test fuel flame-imaging data is obtained, or data errors
based on the difference between the obtaining environments
have to be corrected.

In contrast, according to the fuel physical property deter-
mination device 1 and the fuel physical property determina-
tion method of this embodiment, in the step S7, the standard-
mixed fuel flame-imaging data is obtained by imaging flames
formed by supplying the pre-mixed gas containing the stan-
dard-mixed fuel N2 and the air A to the test tube 2. Therefore,
the standard-mixed fuel flame-imaging data and the test fuel
flame-imaging data can be obtained in the substantially same
environment.

Consequently, according to the fuel physical property
determination device 1 and the fuel physical property deter-
mination method of this embodiment, the octane number of
the test fuel N1 can be determined more accurately.

Inthe fuel physical property determination device 1 and the
fuel physical property determination method of this embodi-
ment, as shown in the steps S5 to S9, the standard-mixed fuel
flame-imaging data is obtained while changing the composi-
tion of the standard-mixed fuel (ratio between normal hep-
tane and isooctane) until the test fuel flame-imaging data and
the standard-mixed fuel flame-imaging data correspond to
each other, and the octane number of the test fuel N1 is
determined to be the octane number of the standard-mixed
fuel based on the standard-mixed fuel flame-imaging data
corresponding to the test fuel flame-imaging data.

Therefore, the octane number of the test fuel N1 can be
determined more accurately, by controlling the change rate of
the ratio between normal heptane and isooctane.

Inthe fuel physical property determination device 1 and the
fuel physical property determination method of this embodi-
ment, both of the area in which cold flames are expected to be
generated and the area in which hot flames are expected to be
generated are imaged.
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Therefore, the octane number of the test fuel N1 can be
determined based on the generation or non-generation of the
cold and hot flames in addition to the generation position of
flames. Consequently, the octane number of the test fuel N1
can be determined more accurately.

Inthe fuel physical property determination device 1 and the
fuel physical property determination method of this embodi-
ment, it is determined that the test fuel flame-imaging data
and the standard-mixed fuel flame-imaging data correspond
(or similar) to each other, by obtaining the correlation func-
tion from the test fuel flame-imaging data and the standard-
mixed fuel flame-imaging data.

In addition, it does not have to be determined that the test
fuel flame-imaging data and the standard-mixed fuel flame-
imaging data correspond to each other, by always obtaining
the correlation function.

For example, if fuels having the same octane number are
burned in the same condition, the generation positions of cold
flames and hot flames (that is, ignition temperatures) become
the same. Therefore, when comparing the test fuel flame-
imaging data and the standard-mixed fuel flame-imaging
data, it is possible to determine whether the octane numbers
are the same, for example, by extracting the data denoting the
generation position of at least one of the cold and hot flames,
from the test fuel flame-imaging data and the standard-mixed
fuel flame-imaging data.

In addition, even in these cases, the generation positions of
the cold and hot flames (that is, ignition temperatures) do not
have to be concretely obtained as absolute value. The octane
number can be determined by obtaining the generation posi-
tions as relative value in the test fuel flame-imaging data and
the standard-mixed fuel flame-imaging data.

In other words, if fuels having the same octane number are
burned in the same condition, the generation positions of cold
flames and hot flames (that is, ignition temperatures) become
the same, and the brightness distributions or the pattern dis-
tributions in the test fuel flame-imaging data and the standard-
mixed fuel flame-imaging data are the same. Therefore, when
the correlation coefficient of the correlation function obtained
from the test fuel flame-imaging data and the standard-mixed
fuel flame-imaging data is included within the range near 1,
and the two-imaging data sets corresponding or being similar
to each other, it can be considered that the octane numbers are
the same (or similar to each other).

In addition, it may be determined that the test fuel flame-
imaging data and the standard-mixed fuel flame-imaging data
correspond to each other, based not only on the generation
positions of the cold and hot flames (that is, ignition tempera-
tures), but also on the calorific values of the cold and hot
flames, the ratio between the calorific values, or the like. In
this case, the brightness values of the imaging data of the
flames become larger in accordance with the calorific values
becoming larger, and the determination becomes easy.

Inthe fuel physical property determination device 1 and the
fuel physical property determination method of this embodi-
ment, the diameter of the internal flow path of the test tube 2
is set smaller than the flame-quenching distance at normal
temperature. However, the present invention is not limited to
this configuration, and it is possible to use a test tube having
a diameter of the internal flow path thereof larger than the
flame-quenching distance at normal temperature, as the test
tube 2.

Second Embodiment

Next, a second embodiment of the present invention is
described below. In the description of this second embodi-
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ment, the recitations about the same portions as that of the
first embodiment are omitted or simplified.

FIG. 3 is a schematic configuration diagram of a fuel physi-
cal property determination device 20 in this embodiment. As
shown in FIG. 3, the fuel physical property determination
device 20 in this embodiment includes two test tubes 2A, 2B
(first test tube and second test tube). The test tubes 2A, 2B are
disposed next to each other in the direction orthogonal to the
imaging direction of the imaging device 7 so that the imaging
device 7 can image them together at the same time.

In the fuel physical property determination device 20 in
this embodiment, the pre-mixed gas supply pipe 12 is con-
nected to only one test tube 2A, whereby the test fuel supply
device 4 is connected to only the test tube 2A. The standard-
mixed fuel supply pipe 13 is directly connected to only the
other test tube 2B, whereby the standard-mixed fuel supply
device 5 is connected to only the test tube 2B.

The air supply device 6 is connected to each of the pre-
mixed gas supply pipe 12 and the standard-mixed fuel supply
pipe 13 so as to supply the air A to each. That is, in this
embodiment, the pre-mixed gas supply pipe 12 becomes a
flow path for the pre-mixed gas containing the test fuel N1,
and the standard-mixed fuel supply pipe 13 becomes a flow
path for the pre-mixed gas containing the standard fuel N2.

The heater 3 heats the test tubes 2A, 2B, and is disposed so
as to surround the end portions of the test tubes 2A, 2B
opposite to the end portions thereof to which the pre-mixed
gases are supplied. The heater 3 is disposed at the position
capable of forming the same temperature distribution in the
test tubes 2A, 2B at the same time.

The heater 3 is disposed and heats both of the test tubes 2A,
2B at the same time, and thereby as shown in FIG. 4, the
temperatures of the test tubes 2A, 2B similarly rise so as to be
higher as approaching the heater 3 (a temperature distribu-
tion-forming step). That is, the same temperature distribution
can be formed in the test tubes 2A, 2B.

In the fuel physical property determination device 20 of
this embodiment having the above-described configuration,
the pre-mixed gas containing the test fuel N1 and the air A is
supplied to one test tube 2A of the disposed test tubes 2A, 2B,
thereby forming flames, the pre-mixed gas containing the
standard-mixed fuel N2 and the air A is supplied to the other
test tube 2B, thereby forming flames, and imaging data is
obtained by imaging a plurality of flames at the same time. At
this time, the test tubes 2A, 2B in which the heater 3 surrounds
the end portions thereof are heated for the same time, and
have the same temperature distribution. Therefore, under the
same temperature condition, it is possible to image the flames
formed using the test fuel N1 and the air A, and the flames
formed using the standard-mixed fuel N2 and the air A, at the
same time.

Consequently, the flames by using the test fuel N1 and the
air A, and the flames by using the standard-mixed fuel N2 and
the air A can be formed in the same condition, and the octane
number of the test fuel N1 can be determined more accurately.

Two test tubes or more to which the standard fuel is sup-
plied may be provided, and thereby three test tubes or more
may be provided. In this case, the ratios between normal
heptane and isooctane become different to each other in the
test tubes to which the standard fuel is supplied, and the
octane number of the test fuel N1 can be determined in a
shorter time.

It is also possible to heat test tubes to which the test fuel or
the standard fuel is supplied, by supplying temperature con-
trol gas to around the test tubes in the longitudinal direction
thereof. Therefore, the same temperature gradient (tempera-
ture distribution) can be formed in the test tubes.
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Hereinbefore, preferable embodiments of the present
invention are described with reference to the drawings, but the
present invention is not limited to the above-described
embodiments. A shape, a combination or the like of each
constituent member shown in the above embodiments is illus-
trative only, and various modifications can be adopted based
on a design request or the like within the scope not departing
from the gist of the present invention.

For example, in the above embodiments, it is described that
the octane number as a physical property of a test fuel is
determined.

However, the present invention is not limited to this, and
can be applied to a case of determining the cetane number as
a physical property of a test fuel. The inventor performed
experiments using the method and device in the present
invention, and confirmed that the generation positions of
flames (including cold flames and hot flames) inside a test
tube are changed depending on fuels having various cetane
numbers. That is, it is found that the cetane number of a test
fuel can be determined by using the method and device in the
present invention. In this case, operations can be performed
by reading the octane number as the cetane number, in the
above embodiments.

In addition, if the generation positions of flames depend on
generation characteristics of harmful substances from a test
fuel, the generation characteristics of harmful substances as
physical properties of the test fuel can be also determined.

In the above embodiments, the flames in the test tube 2 are
imaged in a stable state without the flames vibrating.

However, the present invention is not limited to this. It is
also possible to image the flames in the test tube 2 in they
vibrating, and to determine the physical properties of a test
fuel by comparing the imaging data.

In the above embodiments, since the flames together with
the test tube 2 are imaged, the data denoting the test tube 2 is
included in the test fuel flame-imaging data and the standard-
mixed fuel flame-imaging data.

Therefore, test tube-imaging data may be stored by imag-
ing the test tube 2 to which a temperature gradient is applied,
before the flames are formed, and the test tube-imaging data
may be excluded from the test fuel flame-imaging data and
the standard-mixed fuel flame-imaging data.

Thereby, the test tube-imaging data is eliminated from the
test fuel flame-imaging data and the standard-mixed fuel
flame-imaging data. Since only the data denoting the flames
can be compared, the physical properties of a test fuel can be
determined more exactly.

In the above embodiments, it is described that the heater
has a cylindrical shape.

However, the fuel physical property determination method
and device of the present invention are not limited to this. If a
temperature gradient is formed in a test tube and the same
temperature distribution is formed in test tubes, a heater may
have a rectangular or elliptical cross-sectional shape.

Inthe above embodiments, the configuration of using air as
an oxidant agent in the present invention is described.

However, the present invention is not limited to this, and
other gas can be used as the oxidant agent.

In the above embodiments, the configuration in which the
steps S1 to S10 are performed by the controller 11 is
described.

However, the fuel physical property determination method
of'the present invention is not limited to this, and an operator
may perform part or all of the steps S1 to S10.

In the above embodiments, every time the standard-mixed
fuel flame-imaging data is obtained in the step S7, the judg-
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ment as to whether the test fuel flame-imaging data and the
standard-mixed fuel flame-imaging data correspond to each
other is performed (step S8).

However, the present invention is not limited to this. Stan-
dard-mixed fuel flame-imaging data sets may be obtained by
imaging flames formed using standard-mixed fuels having
various ratios between normal heptane and isooctane, and the
standard-mixed fuel flame-imaging data sets and the test fuel
flame-imaging data set may be compared.

In this case, it is possible to determine that the octane
number of the test fuel is the octane number based on the
standard-mixed fuel flame-imaging data set being the closest
to the test fuel flame-imaging data set.

In addition to the method of determining that the octane
number of the test fuel is the octane number based on the
closest standard-mixed fuel flame-imaging data set, the
method may be used in which the comparison is performed
after interpolating the standard-mixed fuel flame-imaging
data sets.

In a state in which the test fuel flame-imaging data and the
standard-mixed fuel flame-imaging data correspond to each
other, a case in which they completely correspond to each
other is included, and a case in which they correspond to each
other in a permitted scope in advance is also included.

For example, if the sizes or the directions in the test fuel
flame-imaging data and the standard-mixed fuel flame-imag-
ing data are different from each other, these imaging data sets
can be compared. Thatis, even if one of them includes images
obtained by imaging flames in expansion, in a case in which
cold flames and hot flames are included in the scope of both
imaging data sets and their positional relationships are
obtained, the imaging data sets can be compared.

In the above embodiments, the imaging device 7 may
image flames via a mirror or a prism.

Since the light emitted from the flames is guided via the
mirror or the prism, the imaging device 7 can be disposed at
an optional position. Therefore, for example, it is possible to
store the test tube 2 in a pressure chamber having a window,
and to dispose the imaging device 7 in the outside of the
chamber.

INDUSTRIAL APPLICABILITY

According to the present invention, the physical properties
of a test fuel can be determined without obtaining the tem-
perature of a test tube. That is, according to the present inven-
tion, since the physical properties of the test fuel can be
determined without measuring the temperature gradient of
the test tube, it is possible to omit the steps to obtain the
temperature gradient of the test tube, which cause an increase
in work burden. As a result, it is possible to shorten the time
required to determine the physical properties of the fuel, by
reducing the work burden.

DESCRIPTION OF REFERENCE SIGNS

1, 20 Fuel physical property determination device
2, 2A, 2B Test tube

3 Heater

4 Test fuel supply device

5 Standard-mixed fuel supply device

6 Air supply device

7 Imaging device (imaging means)

8 Processing storage device (processing storage means)
9 Input device

10 Output device

11 Controller
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N1 Test fuel
N2 Standard-mixed fuel
A Air (oxidant agent)

What is claimed is:

1. A fuel physical property determination method to deter-
mine a physical property of a test fuel, the method compris-
ing:

a test fuel flame-imaging step of obtaining first imaging
data by imaging flames formed inside a test tube by
supplying a pre-mixed gas containing the test fuel and an
oxidant agent, to the test tube which includes an internal
flow path and in which a temperature distribution is
formed; and

a physical property determination step of determining the
physical property of the test fuel by comparing the first
imaging data obtained in the test fuel flame-imaging step
and second imaging data obtained by imaging flames
ignited inside the test tube by supplying a pre-mixed gas
containing a standard-mixed fuel and an oxidant agent,
to the test tube, the standard-mixed fuel having a known
physical property,

wherein the internal flow path of the test tube has a diam-
eter set to be smaller than a flame-quenching distance at
normal temperature, and

in the physical property determination step, data denoting
a generation position of the flames in the first imaging
data and data denoting a generation position of the
flames in the second imaging data are used when the first
and second imaging data are compared.

2. The fuel physical property determination method

according to claim 1, further comprising

a standard-mixed fuel flame-imaging step of obtaining the
second imaging data by imaging flames formed inside
the test tube by supplying the pre-mixed gas containing
the standard-mixed fuel and the oxidant agent, to the test
tube.

3. The fuel physical property determination method

according to claim 2,

wherein the standard-mixed fuel flame-imaging step is
performed while changing a composition of the stan-
dard-mixed fuel, until the first imaging data obtained in
the test fuel flame-imaging step and the second imaging
data obtained in the standard-mixed fuel flame-imaging
step correspond to each other, and

in the physical property determination step, the physical
property of the test fuel is determined to be the physical
property of the standard-mixed fuel based on the second
imaging data corresponding to the first imaging data.

4. The fuel physical property determination method
according to claim 2,

wherein the pre-mixed gas containing the test fuel and the
oxidant agent is supplied to one of disposed test tubes,
thereby forming flames,

the pre-mixed gas containing the standard-mixed fuel and
the oxidant agent is supplied to the other of the test tubes,
thereby forming flames, and

the first and second imaging data are obtained by imaging
a plurality of flames at the same time.

5. The fuel physical property determination method

according to claim 4, further comprising

a temperature distribution-forming step of forming the
same temperature distribution in the test tubes,

wherein the first and second imaging data of the plurality of
flames are obtained in a condition in which temperature
distributions in the test tubes are the same in a longitu-
dinal direction thereof.
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6. The fuel physical property determination method
according to claim 1,
wherein both of an area in which cold flames are expected
to be generated and an area in which hot flames are
expected to be generated are imaged.
7. The fuel physical property determination method
according to claim 1,
wherein the physical property is an octane number.
8. The fuel physical property determination method
according to claim 1,
wherein the physical property is a cetane number.
9. The fuel physical property determination method
according to claim 1,
wherein the test tube has the temperature distribution in
which the temperature of the test tube gradually
increases in a longitudinal direction of the test tube.
10. A fuel physical property determination device to deter-
mine a physical property of a test fuel, the device comprising:
a test tube including an internal flow path;
a temperature distribution-forming device to form a tem-
perature distribution in the test tube;
a supply device to supply a first pre-mixed gas containing
the test fuel and an oxidant agent, to the test tube;
an imaging device to obtain first imaging data by imaging
flames formed inside the test tube by supplying the first
pre-mixed gas to the test tube; and
aprocessing storage device to determine the physical prop-
erty of the test fuel by comparing the first imaging data
obtained by the imaging device and second imaging data
obtained by imaging flames formed inside the test tube
by supplying a second pre-mixed gas containing a stan-
dard-mixed fuel and an oxidant agent, to the test tube,
the standard-mixed fuel having a known physical prop-
erty,
wherein the internal flow path of the test tube has a diam-
eter set to be smaller than a flame-quenching distance at
normal temperature, and
the processing storage device is configured to use data
denoting a generation position of the flames in the first
imaging data and data denoting a generation position of
the flames in the second imaging data when the first and
second imaging data are compared.
11. The fuel physical property determination device
according to claim 10,
wherein the imaging device is configured to obtain the
second imaging data by imaging flames formed inside
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the test tube by supplying the second pre-mixed gas
containing the standard-mixed fuel and the oxidant
agent, to the test tube.
12. The fuel physical property determination device
according to claim 11,
wherein the imaging device is configured to repeatedly
obtain the first and second imaging data, until the first
and second imaging data correspond to each other, and
the processing storage device is configured to change a
composition of the standard-mixed fuel, and to deter-
mine that the physical property of the test fuel is the
physical property of the standard-mixed fuel when the
first and second imaging data correspond to each other.
13. The fuel physical property determination device
according to claim 11,
wherein the test tube includes a first test tube and a second
test tube, and
the imaging device is configured to obtain the first imaging
data by imaging flames formed by supplying the first
pre-mixed gas to the first test tube, and to obtain the
second imaging data by imaging flames formed by sup-
plying the second pre-mixed gas to the second test tube.
14. The fuel physical property determination device
according to claim 13,
wherein the temperature distribution-forming device is
disposed so that temperature distributions in the first and
second test tubes are the same in a longitudinal direction
thereof.
15. The fuel physical property determination device
according to claim 10,
wherein the imaging device is configured to obtain imaging
data so as to include both of a first area in which cold
flames are expected to be generated and a second area in
which hot flames are expected to be generated.
16. The fuel physical property determination device
according to claim 10,
wherein the physical property is an octane number.
17. The fuel physical property determination device
according to claim 10,
wherein the physical property is a cetane number.
18. The fuel physical property determination device
according to claim 10,
wherein the temperature distribution-forming device
forms the temperature distribution in which the tempera-
ture of the test tube gradually increases in a longitudinal
direction of the test tube.
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